Morphometric analysis and flash floods assessment were conducted for the watersheds of Ras En Naqb escarpment, south Jordan. The study area comprises of twelve small watersheds occupying the faulted-erosional slopes, and the dip slopes. The drainage network shows that dendritic and sub-dendritic patterns dominated the dip slopes, whereas trellis pattern characterized the faultederosional slopes. 
Introduction
Drainage basins represent fundamental geomorphic units for hydrological management and sustainable natural resources development. Geological and morphological setting, topography, and climate constitute major physical factors controlling the geometry of fluvial system, drainage systems and density. Variations in physical conditions occasionally resulted in variations of morphometric characteristics of drainage basins and the associated fluvial systems [1] . Detailed morphometric analysis of watersheds, helps to explore the geomorphic history, evolution and characteristics of landforms, and development of drainage networks. Changes in the fluvial dynamics caused by natural components or anthropogenic intervention often resulted in morphological changes across drainage basins. The physical properties of drainage basins (i.e., shape, size, drainage density, length and size of streams) are correlated remarkably with the hydrological parameters characterized drainage basins [2] - [6] . Since the Second World War, substantial research developed and focused on elaborating morphometric parameters, their computation, morphometric analysis methods, and characterization of drainage basins and stream networks. Quantitative methods have been utilized in morphometric analysis of drainage basins initially by [7] - [11] , whereas, multivariate statistical techniques were employed earlier by Mather and Doornkamp [12] . Delineation of drainage networks within a catchment or sub-catchment was achieved traditionally based on field observation, topographic maps (Scale 1:25,000 and 1:50,000) and air photos. Recently, geospatial analytical techniques (GIS and remote sensing) have been developed and employed as powerful tools for computation, quantitative description and assessment of morphometric parameters, thematic mapping of morphometric variables, and the application of morphometric analysis in different fields of research such as: hydrology and appraisal of environmental hazard [13] - [16] . Geospatial tools have dramatically reduced the time and cost of analysis, and can be applied easily in both mountainous, highly dissected/rugged topography, and in accessible areas. Geology (lithology and tectonics), morphology (topography and slopes), and climate are considered the major attributes which determine the characteristics and evolution of drainage basins and drainage networks. The fluvial system and the associated hydro-geomorphic processes are decisive for watershed hydrology, mainly surface water resources. Morphometric analysis of drainage basin geometry provides essential information which helps to understand geomorphic evolution of drainage basins, landforms and slopes development [7] [9] [11] , and for demarcating erosion-prone areas including landslide complexes. Such information is vital for watershed prioritization for soil and water conservation, and water resources management. Morphometric analysis also helps to infer the hydrological characteristics of drainage basins; therefore, it facilitates hydrological prospecting, assessment of the potential of groundwater recharge, and mapping of flood prone areas. The present work describes the results of morphometric analysis of twelve mountainous/arid watersheds in the Ras En Naqb area, south Jordan to understand watersheds behavior with respect to flash floods using ASTER DEM and GIS. The study intends to illustrate the procedure of assessing drainage network, basin geometry, drainage texture analysis, and relief morphometric parameters using geoprocessing tools provided by Arc GIS software. The potential of ASTER DEM data and GIS in drainage basin morphometry was verified in comparison with conventional methods. The use of ASTER DEM and GIS also enables rapid, precise, and inexpensive tools to extract and analyze morphometric data for flash floods assessment and other applications such as hydrology, prioritization of watersheds for soil and water conservation [17] - [21] . The significance of morphometric analysis of these wadis is justified by the fact that some of the dip slope catchments occasionally threatened Ma'an city earlier with severe flash floods, and inundation of the El Jafr depression during flooding. Similarly, the flash floods of the faulted-erosional slope wadis (with steep slopes), occasionally caused serious inundation of the playas east of Quweira town; this disrupts the movements of the Bedouin (with their camels and goats), and the tourists moving around the picturesque inselberg landscape. Bifurcation ratio, drainage density, and stream frequency parameters have been employed recently to assess flash flooding susceptibility in arid watersheds of the Middle East [22] .
Study Area
The Ras En Naqb escarpment covers an area of approximately 566 km 2 , and is located between 35˚28'E to 35˚83'E longitude, and 29˚47'N to 30˚06'N latitude (Figure 1) . It separates the high flat Central Jordan Plateau (1500 -1600 m a.s.l), from the rugged inselbergs to the south, at an elevation ranging from 700 to 800 m a.s.l [23] . Earlier, deVaumas [24] identified the Ras En Naqb escarpment as a huge cuesta striking WNW with a height ranging between 200 and 400 m. Parker [25] describes the escarpment as an erosional feature, where fluvial erosion has been activated along a number of sub-parallel NW-trending faults affecting the area [26] . The development of Ras En Naqb escarpment is significantly affected by the lithological characteristics and bedding of sandstones and the overlying Cretaceous limestones, faulting and jointing. It is stated that most of NWtrending faulting occurred in the Late Miocene and possibly earlier [27] [28] , and the Cretaceous limestone cover was extended much further south. Thus, the present escarpment is probably purely erosional. However, the Cretaceous rim itself and the water divide (separating the dip slope catchments from the faulted-erosional slope watersheds) are straight in a gross sense as illustrated by a clear linear edge in 3D perspective (Figure 2 (a) and Figure 2 (b)), elevation/hypsometry, aspect and slope patterns of the area (Figure 3 and Figure 4) . Therefore, significant erosional irregularities are apparent from the Cretaceous rim down to the sandy desert floor and inselberg landscape. The drop from crest line (rim) to floor is interrupted by a prominent rocky bench developed on relatively resistant sandstones. The broad bench was later dissected by fluvial processes, and faulting, and has been split into irregular mesas with sharp and steep cliffs such as Jebel Rabigh. Close to Ras En Naqb railway station, the escarpment crest reached an elevation of 1573 m a.s.l, but eastwards, its elevation decreases to 1110 m a.s.l near Batn el Ghol station. The noticeable height difference between the western and eastern part of the escarpment is attributed to erosion. The eastern part of the escarpment is highly eroded and subdued, thus converted to a fault-line scarp [23] . The sandstone inselberg landscape has been formed as a result of fluvial dissection of Paleozoic sandstones following the stripping of Cretaceous, Tertiary Carbonates by erosion and weathering. This process was combined with graben-faulting, depositional infilling, and arid-climate slope retreat, all of which produced a relatively flat plain which accommodates erosional residuals [28] . The granite horst to the west is separated from the sandstone inselbergs and Ras En Naqb escarpment by a normal fault which runs just west of Quweira town, with a down throw to the east of ≈600 m [29] . The elevation of the flat sandy desert floor rises from 750 m a.s.l at Qa (playa) Um Salab to about 1200 m a.s.l at the base of Ras En Naqb escarpment. Here, the cliffed sandstone inselbergs are characteristic. The inselberg landforms are developed mainly in Cambrian, Ordovisian and lower Cretaceous Kurnub sandstones and shale ( Figure 5 ) [30] [31] . The base level of the catchment draining the faulted-erosional slopes comprises three playas occupying a NW-trending depression. These are: Qa Abu Qrishi, Qa Um Salab and Qa Disi. The linear aspect of the depression demonstrates its structural origin. The dip slopes east of Ras En Naqb, grade eastwards into a gentle-flat, stony hamada surface covered by plateau gravel from the weathering of the underlying parent rocks. The thickness of these covers increases near the margins of El Jafr depression. The hamada landscape is well developed as a Reg surface which covers hundreds of square kilometers east of Ma'an city. It is paved by stony covers and polished dark brown by desert patina. Recurrent landslide movement is characteristic of Ras En Naqb escarpment, and occasionally threatened the Amman-Aqaba highway. Oversteepening of slopes due to fluvial erosion, differential weathering, and steep cut slopes enhance rock falls and rock slides from heavily jointed limestone beds. Percolation of water from relatively abundant rainfall over Ras En Naqb (140 mm of annual rainfall/snow), and the repetitive heavy rainstorms towards impervious marl, shale and clay beds of the nodular limestone unit reduce the cohesion of the materials, thus encouraging landslide activity. The dip slope of the Ras En Naqb escarpment is composed of lower Cretaceous marl, shale and chalk, sloping 3˚ to 5˚ NNE towards Ma'an. A number of monoclinal flexures exist here instead of faulting, and graben structures dominate a considerable part of the escarpment (Figure 5 ). Despite the slight gradient, all wadi courses crossing the dip slopes are currently cutting down deeper channels through the alluvial fill as a response to the lowering of the base level at El Jafr synsedimentary depression [23] [26] . The present study comprises six small catchments draining the dip slope into El Jafr depression to the northeast, and six catchments draining the faulted-erosional slopes towards the smaller playas to the southwest (Figure 6 ). The climate is cold dry arid on the crest of Ras En Naqb escarpment, and hot dry arid in the Quweira-Qa'Disi area. Due to the variation in topography, the average annual rainfall varies from 39.9 mm at Ma'an (1006 m a.s.l) to 140 mm at Ras En Naqb village (1573 m a.s.l). It is postulated [29] that the wadis of Ras En Naqb area have about five to seven run-off producing storms per year. Storms generally last no more than a few hours, but are often quite intense and repetitive [32] [33] . Average monthly temperatures range from 30˚C+ (summer maximum) to ≈7˚C (winter minimum). However, freezing temperatures were recorded in January and February at Ras En Naqb and Ma'an. The low amount and sparse rainfall result in poor/sparse vegetation, which consists of scattered tamarisk, acacia and cenapod, and some annual grasses. The land use/land cover is restricted to Ras En Naqab village, scattered and small patches of olive trees and woods. Thus, most of the area is considered poor rangeland and bare lands (mostly hamada surface) (Figure 7) . The Ras En Naqb escarpment represents an unstable morphological unit due to the presence of soft rock units, i.e. the Kurnub sandstone and shale, and the lower Cretaceous limestone, marl and shale. These rock units are heavily faulted and jointed. Along with recurrent intense rainstorms, they are deemed a major factor influencing slope instability. Old and fresh landslide scars exist, which indicate that landsliding is an active process at present, and threatens the Amman-Aqaba highway once every few years.
Methodology
Morphometric analysis for Ras En Naqb watersheds was conducted using topographic maps with a scale 1:50,000 (20 m contour interval), ASTER DEM, and Arc GIS 10.1 software package. ASTER DEM is provided on line cost free to all researchers, and is available in Geo Tiff format, with geographic latitude/longitude coordinates at 1 arc-second, approximately 30 m grid cell size. The elevation error of the DEM is reported to be +7.4 m for forest land cover, and −0.7 m for bare land and complex terrain resembling the Ras En Naqb area. Furthermore, the horizontal error is stated to be an East/West shift of −0.13 arc-seconds and North/South shift of 0.19 arc-seconds when compared to the 10-m mesh DEM produced by the Geographical Survey Institute (GIS) of Japan [34] [35] . Recent studies were carried out on the earth's lowest elevation: the Dead Sea (Jordan) to test the validity of ASTER DEM [36] , and to compare ASTER DEM, and SRTM (the Shuttle Radar Topographic Mission) DEM against a referenced DEM constructed from 1:25,000 scale topographic map [37] . It is reported that the overall accuracy of the DEM is in line with the reported official accuracy specifications [36] . The comparison also reveals that SRTM overestimates and ASTER DEM underestimates the elevations. In this regard, SRTM DEM is comparatively more accurate than ASTER DEM, but with 90 m resolution, whereas, ASTER DEM is of 30 m spatial resolution. However, both DEMS are employed heavily at present to delineate watershed and sub-watershed boundaries, and drainage networks, to derive and calculate drainage morphometric information, and to establish cross sections [37] . Considering the Ras En Naqb area, which consists mostly of bare land and arid climate, along with the availability of ASTER DEM (30 m spatial resolution), and the Arc GIS tools, both were employed to derive, and calculate the morphometric parameters of the Ras En Naqb watersheds. Different terrain feature/maps for the study area such as aspect, slope categories, elevation were generated using the Spatial Analyst module. Topo sheets were used initially to demarcate the boundaries of the watersheds, then, the ArcHydro tool was utilized to delineate the final watershed boundaries and stream networks for the twelve catchments. The stream order maps were compiled from the flow direction map for each watershed using Stream Order tool. The stream ordering system used was based on Strahler's method [3] [10] [38] . Basic morphometric parameters such as: area (A), basin length (L b ), perimeter (P), stream order (u), stream number (N u ), stream length (L u ), were measured directly from the DEM using GIS software. Other parameters including bifurcation ratio (R b ), drainage density (D d ), drainage frequency (F s ), length of overland flow (L o ), circularity ratio (R c ), elongation ratio (R e ), basin relief (B h ), relief ratio (R r ), form factor (R f ), and shape factor (B s ) were calculated based on mathematical equations illustrated in Table 1 . The hypsometric curve (C c ) and hypsometric integral (H i ) were prepared earlier using topo sheets at a scale 1:50,000 [39] .
To assess flash floods potential for the Ras En Naqb watersheds, El-Shamy's approach was adopted [22] . It is a simple morphometric method which has been designated to estimate flash flood risk levels and the degree of hazardousness for each watershed. Two different approaches were elaborated to determine the hazardous catchment. The first is based on the relationship between bifurcation ratio (R b ) and drainage density (D d ) whereas the second approach employed the relationship between bifurcation ratio (R b ) and stream frequency (F s ). Drainage density (D d ) refers to relief dissection, runoff potential, infiltration capacity of surface materials, climate, and land cover of the watershed. Accordingly, low values of D d indicate optimal conditions of infiltration, thus decreasing runoff potential, while, high stream frequency (F s ) represents impermeable sub-surface materials, poor vegetation cover, high relief, and low infiltration capacity, thus, increasing runoff potential [3] [38] .
Applying, this relationship separately to each catchment, will provide reasonable estimation on flooding risk, and groundwater aquifer recharge. The resultant illustrations for D d vs. R b and F s vs. R b have to be plotted graphically, where each illustration contains two curves dividing the area into three zones which can be described as follows:
• Zone A represents low probability of floods and high groundwater aquifer recharge.
• Zone B refers to catchments with intermediate possibility of floods and moderate potential for groundwater aquifer recharge.
• Zone C indicates high possibility of floods and low recharge potential.
If a watershed has two different fields, then the appropriate classification plot has been selected.
Results and Discussion

Morphometric Analysis
Quantitative analysis of the 12 watersheds developed on Ras En Naqb escarpment was implemented based on 23 morphometric variables which represents drainage network, geometry, texture and relief aspects of the catchment. The drainage pattern is dendritic to sub-dendritic type on dip slopes, whereas, trellis pattern dominates the faulted-erosional slopes. In the present study, stream ordering for the Ras En Nagb watersheds has been ranked according to Strahler's method of the hierarchical ranking system [3] [38] . The calculated morphometric parameters are illustrated in Table 2 and Table 3 , and will be discussed accordingly. Based on drainage order, all the catchments of faulted-erosional slopes are all of fifth order. Three watersheds of the dip slopes can be classified as three of sixth order. Two of fourth order, and one basin is of fifth 2) No. of streams (Nu) N = N1 + N2 + ••• + Nn [7] 3) Stream length (Lu) km Lu = L1 + L2 + ••• + Ln (km) [3] 4) Mean stream length (Lsm) km Lsm = Lu/Nu (km) [3] 5) Stream length ratio (RL) RL = Lu/Lu−1, where Lu = the total stream length of order "u", Lu−1 = the total stream length of its next lower order [7] 6) Bifurcation ratio (Rb) Rb = Nu/Nu+1, where Nu = total no. of stream segments of order "u", Nu+1 = no. of segments of the next higher order [8] 7) Mean bifurcation ratio (Rbm) Rbm = average of bifurcation ratio of Strahler all orders [10] II. Basin geometry
8) Basin length (Lb) km
Length of the basin (km) [7] 9) Basin area (A) km 2 Plan area of the watershed (km 2 ) [7] 10) Basin perimeter (P) km Perimeter of the watershed (km) [7] 11) Form factor (ratio) (Rf)
12) Elongation ratio (Re) HC is achieved by plotting the proportion of the total height (h/H) against the proportion of the total area (a/A) of the basin, where H is the total relief height, a is the total area of the basin above a given line of elevation h. order ( Table 2 and Table 3 ; Figure 7 and Figure 8 ). Such variation indicates the influence of structure, lithology, morphology and slope steepness on drainage network development especially on the faulted-erosional slopes. By contrast, lithological uniformity and relative availability of rainfall(the annual rainfall increased from 57 mm at Quweira to the southwest, to 140 mm at Ras En Naqb station), and long dip slopes intensified erosional processes, thus stream length and area increased at a rate exceeding the rate of increase in stream number.
Drainage Network
The total number of streams (N u ) for the 12 watersheds is 2096, and the first order streams account for 79.3% of the total number of streams in all basins. The details of stream characteristics are ascertained by Horton's first law [7] , the "law of stream number", which states that the number of streams of different orders in a given drainage basin tends to closely approximate an inverse geometric ratio. This inverse geometric relationship is shown graphically in the form of a straight line when log values N u are plotted on an ordinary graph (Figure 9(a) ). It is also recognized that the number of streams gradually decreases as the stream order increases. 1) Stream length (L u ) is a significant hydrological property and indicative of runoff characteristics, geomorphic development of stream segments, and tectonic instability. Generally, the higher the order, the longer the length of stream in nature. The steam length has been calculated according to the law elaborated by [7] . The total stream length varies between 168.939 km to 421.253 km for the catchments of faulted-erosional slopes, and between 204.957 km and 881.136 km for the basins of the dip slopes ( Table 4 and Table 5 ). The first order streams constitute 75.7% and 78% of the total stream length related to faulted-erosional slope watersheds and dip slope catchments respectively. The stream length characteristics of all basins verify Horton's second law [7] , the "law of stream length", which indicates that the average length of streams of each of the different orders in a drainage basin tends to closely approximate a direct geometric ratio. The geometric linear relationship is shown graphically when log values of these parameters are plotted on an ordinary graph (Figure 9(b) ). However, slight deviations from a straight line are obvious at high and low orders due to uplifting of the Ras En Naqb escarpment and lowering of El-Jafr synsedimentary basin [23] [26].
2) Mean stream length (L sm ) values for the faulted-erosional slope catchments vary from 0.837 to 6.9, while L sm for the dip slope basins range from 0.87 to 6.01.
3) Stream length ratio (R L ) is the ratio between the mean length of streams of a given order to the mean length of streams in the next lower order. R L is considered a significant factor in relation to both drainage composition and geometric development of drainage basins [7] . A noticeable variation occurs in R L values between the streams of different orders pertaining to the faulted-erosional slope catchments (0.494 -1.421), and watersheds belong to the dip slopes (0.184 -1.816). This variation is attributed to morphological changes in slope and relief along both dip slopes and the faulted-erosional slopes, and the youth-age stage of geomorphic development of the watersheds as verified later through hypsometric analysis ( Table 2 and Table 3 ). [7] as an index of relief and dissection. Its value is about 2 for flat or rolling drainage basins, and up to 3 or 4 for mountainous or highly dissected drainage basins. Characteristically, R b values range between 3.66 and 6 for watersheds in which the geological structures distort the drainage pattern. By contrast, lower values of R b are representative for structurally less disturbed catchments without any distortion in drainage pattern [8] [9] . Abnormally high bifurcation ratio might be expected in regions of steeply dipping rock strata, where narrow strike valleys are confined between hogback ridges. The mean bifurcation ratios (R bm ) for the dip slope catchments vary between 4.212 and 5.39. By contrast, the R bm values for the faulted-erosional slope basins vary between 3.75 -5.014. Such high figures denote that drainage development of the watersheds is remarkably influenced by structural disturbances such as faulting, uplifting of the Ras En Naqb escarpment, subsidence of El Jafr basin, and rejuvenation of the drainage network.
4) Bifurcation ratio (R b ) is elaborated by Horton
Basin Geometry
A prominent variation exists in the values of morphometric parameters which represent basins geometry (basin area, basin length and basin perimeter). Table 2 and Table 3 ). Moreover, the perimeters of the faulted-erosional slope basins range between 45.55 km (W.Hafir) and 86.7 km (W.Jamam). Similarly, the perimeters of the dip slope watersheds are larger and range between 73.86 km (W.Abu Tarfa 2) and 108.83 km (W.el Batra). It is obvious that the values of the three geometric parameters characterizing the dip slope catchment are considerably higher than resembling parameters recognized for the faulted-erosional slope watersheds. Here, the dip slope catchments between the crest line of the escarpment and the base level of the wadis (El Jafr basin) are longer compared to those developed on the faulted-erosional slopes. Rejuvenation also resulted in wider, longer and larger watersheds. 1) Form factor (R f ) is expressed as the ratio between the area of the catchment (A) and the square of the catchment length [7] . R f parameter has been developed to predict the intensity of a basin of a defined area. For a perfectly circular basin, the value of the form factor should always be less than 0.79 [40] . The smaller the value of R f (<0.45), the more the basin will be elongated. Catchments with high R f have peak flows of shorter duration, whereas elongated watersheds with low form factors have lower peak flow of longer duration [41] [42] . The watersheds of the dip slopes show a lower form factor, and vary from 0.14 to 0.47. R f values related to four catchments are less than 0.56, while the values for two catchments are around 0.45, indicating elongated shape and suggesting a flat hydrograph peak for longer duration. Flood flows of such elongated basins are easier to manage than watersheds developed towards rectangular to circular shape such as W.Rabigh (R f = 0.68) and W.Ghafir (R f = 0.522) belonging to the faulted-erosional slope of Ras En Naqb escarpment. Thus, high peak flows of shorter duration are expected during flash floods [43] [44] . This is verified by previous floods recorded in the AqabaMa'an-Ras En Naqb area [32] [33] [45] [46] . Therefore, the morphological characteristics of a watershed have powerful impacts on watershed hydrology.
2) Elongation ratio (R e ) is defined as the ratio between the diameter of the circle of the area as represented by the drainage basin to the maximum basin length [8] . Strahler [3] stated that R e values vary generally between 0.6 to 1.0 over a wide range of climate and geological conditions. Values close to 1.0 are characteristic of regions with very low relief, whereas values in the range of 0.6 -0.8 are normally diagnostic of watersheds with high relief and steep slopes. Where R e approaches 1.0, the shape of the drainage basin approaches a circle [8] . It has been concluded that a circular basin is more efficient in runoff than is an elongated one [47] . R e values for W.Rabigh and W.Ghafir which belong to the faulted-erosional slopes are greater than 0.7 (0.73 and 0.815 respectively) ( Table 2 and Table 3 ), while R e values for the other four wadis are less than 0.70. Such figures indicate that W.Rabigh and W.Ghafir are approaching the circular shape, whereas the other four wadis ( Table 3) are elongated or less elongated with high relief and steep slopes. The circular watersheds have a quick; although lower; hydrograph peak compared to an oval watershed (i.e. W.Ghafir), or a less elongated and elongated watershed. This implies that the other four catchments show shorter time to peak.
3) Shape factor (B s ) is calculated by dividing the square of the length of a basin by the area of the basin [7] , and is considered in inverse proportion to the form factor (R f ). The shape of the drainage basin along with the length and relief affect the rate of water and sediment yield. B s values for the catchments of the dip slope range from 1.977 to 12.6 with an average of 5.596; thus, it is expected to have the shorter basin lag time, whereas; the Bs values for the watersheds of the faulted-erosional slopes vary from 1.9 to 3.85 with an average of 2.76. Therefore, it may have a longer basin lag time.
4) Lemniscate ratio (k) is a measure elaborated to describe how closely the actual drainage basin shape approaches the loop of a lemniscates [48] [49] . It has been reported that for describing the drainage basin shape accurately, it is necessary to determine the lemniscate shape which the basin most nearly approaches. In this context, the lemniscate ratio allows for distinguishing regional variation of drainage basin shapes. Therefore, it is considered a useful index to differentiate one morphometric region from another, and to express quantitatively the structural control over basin shape; as, for example; in the effect of varying angles of dip on the shapes of drainage basins developed on the dip slopes. The k values for the dip slope catchment range from 0.494 to 3.15 with an average of 1.42, whereas the k values for the watersheds of the faulted-erosional slopes vary from 0.478 to 0.961 with an average of 0.698. This indicates that dip slope catchments are mostly elongated in shape, and have delayed time to peak flow. By contrast, the faulted-erosional slope watersheds are less elongated and have a shorter time to peak flow. 5) Circularity ratio (R c ) refers to the ratio of catchment area (A) to the area of circle having the same circumference as the perimeter of the catchment [50] . R c is controlled by the length and frequency of the streams, geological structures, landuse, land cover, climate, relief and slope steepness of the catchment. Drainage basins with a range of circularity ratios of 0.4 to 0.5 were described by Miller [50] , indicating that they are strongly elongated, highly permeable, with homogeneous geological materials. R c for the watersheds developed on the faulted-erosional slope is in the range from 0.45 to 0.85 indicating that these watersheds are characterized by high relief, elongated and relatively permeable surface resulting in greater basin lag times, while catchments belonging to the dip slopes show delayed time to peak flow, and most wadis of the faulted-erosional slopes show shorter time to peak. It can be concluded that R f , R e and R c significantly influence the hydrological response of the Ras En Naqb watersheds. Also, the combination with basin shape and the arrangement of stream segments has a direct influence on the size and shape of flood peak [51] , which is indicative for mountainous arid catchments of Jordan.
6) Drainage texture (D t ) denotes relative spacing of drainage lines in a fluvially dissected terrain. It is defined as the total number of stream segments of all orders per perimeter of the drainage basin [7] . D t represents one of the main concepts in drainage basin geomorphology. D t is influenced by several intrinsic physical factors such as: climate, rainfall, vegetation, soils, lithology, infiltration-capacity, relief and stage of basin development. Smith [52] has identified five different texture categories: drainage density <2 indicates very coarse texture, between 2 and 4 is described as coarse texture, between 4 and 6 is moderate, between 6 and 8 is fine, and >8 is very fine drainage texture. D t values for three dip slope catchments are less than 2 and the three watersheds are greater than 3, but less than 4, whereas; D t values for two catchments of the faulted-erosional slopes are <2, and four catchments have D t values between 2 and 4. Thus, the Ras En Naqb watersheds exhibit a very coarse to coarse drainage texture, which indicates the presence of relatively resistant, permeable materials with moderate relief.
Drainage Texture Parameters
1) Stream frequency (F s ) represents the ratio of the total number of streams (N u ) in a basin to the basin area (A), and is defined as the number of streams per unit of area [7] . Generally, the value of stream frequency ranges from 3.91 to 9.99. F s values depend on lithology of the catchment, and reflect the texture of the drainage network. The Fs values are positively correlated with D d values of a watershed, which means that the increase in stream population is connected to that of drainage density [43] . High stream frequency means more percolation with respect to drainage density and thus more groundwater potential [20] . The observed stream frequency (F s ) values range from 1.688 to 2.00 for the faulted-erosional slope catchments, and from 1.509 to 1.692 for dip slope watersheds. It is obvious that F s values indicate steep slopes, with low permeability rocks, thus facilitating less infiltration and greater surface flow and high flooding potential [53] .
2) Drainage density (D d ) is defined as the closeness of spacing of channels, and considered a quantitative expression of terrain dissection and runoff potential of the catchment. Drainage density is a measure of the total lengths of streams in a catchment per unit area. High drainage density of an area implies high runoff, consequently low infiltration rate, whereas; low drainage density of an area implies high runoff, and consequently low drainage density of an area refers to low runoff and high infiltration [21] . Other significant parameters determining D d are infiltration-capacity of the soils, and initial resistance of terrain to erosion. The poorly drained basins have a drainage density of 2.74, while the well-drained one has a density of 0.73 or one-forth as great [7] . The D d values for Ras En Naqb catchments vary from 1.6 -1.9 for the faulted-erosional slope to 1.7 -1.85 for the dip slope catchments. Relatively high D d values for the faulted-erosional slopes compared to the dip slope catchments are indicative of the presence of rugged terrain especially in the middle catchments. Also, the persistence of steep slopes (25˚ -45˚, and 60˚, denotes high runoff and low infiltration-capacity. However, the lower catchments of the faulted-erosional scarp belong to the inselberg landscape (of southern Jordan), and the upper catchments exhibit coarse texture terrain. Therefore, the presence of headward-eroding streams, and fault controlled canyons in the middle catchments are probably features inherited from pluvials recognized in the Mediterranean zone [28] [54].
3) Length of overland flow (L O ) relates to the length of water over the ground before it becomes concentrated into definite steam channels. It is considered the most crucial independent variable affecting hydrological and geomorphological development of drainage basins. According to Horton [7] the average length of overland flow is relatively half the average distance between stream channels, and thus, is approximately equal to half of drainage density. Length of overland flow relates inversely to the average channel slope [15] . The L o values for the dip slope catchments range from 0.584 to 0.921, with an average of 0.882, whereas L o values for the faultederosional slopes vary from 0.855 to 0.945, with an average of 0.866, indicating very steep slopes and shorter flow paths on the faulted-erosional slopes, and relatively moderate-steep slopes and longer flow paths characterizing the dip slope catchments. 4) Drainage intensity (D i ) is defined as the ratio of the stream frequency (F s ) to the drainage density (D d ) [55] .
Low values of drainage intensity indicates that stream frequency and drainage density have little influence on the degree to which the land surface of a basin has been lowered by denudational processes. The drainage intensity for the faulted-erosional watersheds varies from 0.961 to 1.139, with an average of 1.04 while Di values for the dip slope catchments range from 0.836 to 0.971, with an average of 0.901. The D i values of the dip slope catchments are lower than those representing the faulted-erosional slope watersheds. This denotes that the latest watersheds are more susceptible to flooding, gullying and sliding. Repetitive inundations were recorded in Qa El Jafr to the northeast, and three other playas in the southwest.
Relief Characteristics
1) Basin relief (B h ) or "total relief" of a watershed is defined as the difference in elevation between the highest and lowest points on the basin [8] . Commonly, relief measures are indicative of the potential energy of a drainage system present by virtue of elevation above a given datum [3] . Basin relief is a significant factor in understanding the denudational properties of the catchment, landforms and drainage networks evolution, overland flow, through flow, and erosional behavior of the terrain. The total relief of the dip slope catchments varies from 388 m (W.Abu Tarfa As a result of the sinking base level of El Jafr depression, the dip slope catchments are relatively of high potential energy during intense rainstorms.
2) Relief ratio (R r ) is considered a reasonable mean to measure the overall steepness of a drainage basin. Also, it is an indicator of the intensity of erosion processes operating on the watershed slopes [40] . R r is defined as the ratio between the total relief (or basin relief B h ) of a catchment and the longest basin length parallel to the principal drainage line. R r normally increases with decreasing drainage area and size of a given catchment. Schumm [8] reported a close correlation between sediment loss per unit area and relief ratio. Relief ratio allows comparison of the relative relief of any basin regardless of differences in scale of topography. The R r values for the dip slope catchment range from 0.012 to 0.019, whereas R r values for the faulted-erosional slopes vary from 0.027 to 0.038. Low values of R r normally indicate the predominance of slow erosion processes, as in the case of the inselbergs landscape in southern Jordan [30] . However, higher values of R r in the faulted-erosional slope catchments imply that these wadis are characterized by more intense erosion as compared with wadi of the dip slope. Hence, W.Ghafir is more susceptible to erosion, and W.Abu Tarfa 2 is the least among all watersheds of the Ras En Naqb area, if this parameter alone is considered for erosion intensity evaluation.
3) Ruggedness number (R n ) is defined as the product of drainage density (D d ) and basin relief (B h ) divided by 1000 [2] [3] . Observed values of ruggedness number range from low (i.e. 0.06) for smooth and subdued morphology to over 1.0 for sharp morphology, and very high, extreme values (>2) characterizing badlands topography. Watersheds having high R n values can be described by high susceptibility to soil erosion, landsliding, and a high response to an increase in peak discharge. In the present investigation the R n value is minimum in W.Rabigh (R n = 0.723; faulted-erosional catchment) and maximum in W.Abu Tarfa 2 (R n = 2.404; dip slope catchment). This implies that W.Rabigh is the least susceptible to erosion, and W.Abu Tarfa 2 is the most susceptible to erosion among all watersheds of the Ras En Naqb escarpment. 4) Dissection index (D is ) has been elaborated to evaluate the degree of dissection or vertical erosion, and the stage of landform development in a given catchment [55] . D is is the ratio between the total relief (or relative relief) and absolute relief of the basin, which always ranges between 0.0 (complete absence of dissection and thus the dominance of flat topography) and 1 for infrequent cases such as vertical cliff topography at the sea shore, or vertical escarpment of hillslope. Extreme values of D is certainly exceed 1 such as Wadi Kerak and other rivers/ wadis draining to the rift region of Jordan as an example [56] [57] . The D is values vary from a minimum 0.286 (W.Abu Tarfa 2; a dip slope catchment) to a maximum of 0.508 (W.Hanout; a faulted-erosional slope watershed). The spatial variation in dissection index (D is ) refers to the presence of relatively dissected terrain at the western part of the escarpment, and the subdued terrain at the eastern part. Moreover, the average values of D is are 0.45 for the faulted-erosional slope catchments, and 0.37 for the dip slope basins, which clearly indicates that the faulted-erosional slopes are more dissected compared to the dip slopes of the escarpment. 5) Hypsometric curve and hypsometric integral were elaborated to understand the geomorphic evolution, type of erosion processes and relative age of landforms, along with influence of tectonic, lithology and climate on watersheds morphology. In this regard, hypsometric means the relative proportion of an area at different elevations within a watershed; therefore, it represents the distribution of area with respect to altitude [2] [8]. The hypsometric curve, or the area-elevation analysis (expressing how much land lies between two contour lines), and the hypsometric integral of the Ras En Naqb watersheds have been calculated and prepared [58] . Differences in the shape of the hypsometric curve (HC), and the hypsometric integral (Hi) value are attributed mainly to the degree of disequilibria in the balance of erosion and tectonic factors [2] . The hypsometric curve expresses the volume of rock mass in the watershed and amount of erosion that has taken place in that catchment against the remaining mass. Thus, the hypsometric integral is employed as an estimator of the erosion status of a watershed. Strahler (Figure 10(a) ), whereas the value of the hypsometric integral for W.Huseinan (a dip slope catchment) is 0.92 (Figure 10(b) ). This indicates that both wadis are at the youth-age stage of geomorphic evolution, and the faulted-erosional slope watersheds are relatively older than the dip slope catchments Moreover, W.Hanout has been subjected to tectonic disturbances and severe erosion; therefore, it is approaching the late youth stage of geomorphic development. landscape were flooded with water of 20 cm depth (Figure 11) . Maximum intensity of flash floods occurred in the middle and lower watersheds of the wadis. Similarly, maximum inundation and standing flooding water achieved in the El-Jafr depression to the northeast, and the playas to the southwest of the Ras En Naqb escarpment. The flooding risk for the twelve watersheds were determined using El-Shamy's diagrams as illustrated in Figure 12 and Figure 13 . According to this approach, the relationship between bifurcation ratio (R b ) and drainage density (D d (Figure 12 and Figure 13 ). The faulted-erosional slope watersheds are generally more hazardous in terms of flooding. Thus, the protection of Ma'an city (located on W.Wuheida), El Jafr rural Bedouin settlement, and Amman-Aqaba highway from repetitive flooding is essential to maintain sustainable development across the Ras En Naqb-Ma'an area in the future. 
Watersheds Morphometry and Flash Floods Potential
Conclusions
Morphometric analysis carried out for Ras En Naqb watersheds confirms the presence of two catchment categories: the dip slope catchments and, the faulted-erosinal watersheds. A pronounced variation exists in the geomorphometric parametrers characterizing both categories. Drainage density (D d ), relief ratio (R r ), elongation ratio (R e ), circularity ration (R c ) and ruggedness number (R n ) vary considerably. High values of mean bifurcation ratio (R bm ) indicate the structural and lithological control on drainage network development across the Ras En Naqb escarpment. The variation in stream length ratio is attributed to variation in morphological characteristics of watersheds especially slope and topography. A dendritic drainage pattern dominated the dip slopes, whereas a trellised pattern characterized the faulted-erosional slopes. Channels extension by head-erosion along both terrain units of the escarpment is supported by uplifting of the scarp zone. The Ras En Nagb escarpment is well drained by the 12 watersheds which produced undulating-rolling terrain on the dip slopes, and rugged-steep topography and deeply incised wadis on the faulted-erosional slopes. The catchments of the dip slopes are more elongated, whereas the watersheds of the faulted-erosional slopes are less elongated, and approach the oval cat- 
